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−5 −7 MeV (Belle Collaboration [2] ). There are many discussions on the Λ c (2940) in the literature [3] - [15] . It was regarded as a pD * 0 molecular state with spin-parity
− in Ref. [3] . This is due to the fact that its mass is just a few MeV below the pD * 0 threshold value. It has been proved that the meson-exchange mechanism, such as π,ω and ρ exchange, can provide binding in such a pD * 0 configuration. The relativized quark model for three-quark baryon resonances in the 2940 MeV mass region indicates that it could have
. Calculations with the conventional 3 P 0 decay model [5] , however, exclude the possibility for Λ c (2940) to be the first radial excitation of the Λ c (2286). It is suggested to be the first radial 2S excitation of the Σ c (2455)
+ with J P = 3 2 + in a relativistic heavy quark-light diquark model [6] , or the first orbital excitation of the light diquark in the Λ c (2286). An analysis of the strong decays of the Λ c (2940) in a chiral quark model [7] predicts that it is a D-wave state with principal quantum number n = 2. Moreover, it is expected that an experimental determination of the decay ratio Σ * c π/Σ c π will enable to discriminate its J P assignments in the context of heavy hadron chiral perturbation theory (HHChPT) Ref. [8] . Other interpretations of the resonance Λ c (2940) include quantum numbers like
− in Ref. [9] and
− in Ref. [10] . In the coupled-channel approach of [11] , however, no resonance in the energy region near 2940 MeV is generated. Such a resonance could couple predominantly to the N D * pair having its threshold only a few MeV above the Λ c (2940) mass. But the conclusion of Ref. [11] is that the Λ c (2940) is not a molecular N D * system. In Ref. [13] it was discussed the production rate of Λ c (2940) at the forthcomingP ANDA experiment based the different assignments for the Λ c (2940) spin-parity. It is a first calculation for the total cross section but for example initial state interaction and the contribution of D * meson exchange are not considered.
In this work we study the resonance Λ c (2940) with the help of a phenomenological Lagrangian approach. We use the assumption that Λ c (2940) is a molecular state with J p = 1 + /2. The technique for describing and treating composite hadron systems, we developed, is already shown in Refs. [15] - [17] . This ansatz for the Λ c (2940) has been proved to be reasonable since at least the observed modes in the two-, three-body and radiative decays [15] can be understood. Here we aim for a quantitative determination of a production mode of the Λ c (2940), we determine cross sections for the annihilation process pp → Λ c (2940) → pD 0Λ c (2286). It is expected that in experiments ofP ANDA these quantities can possibly be measured. Our predictions together with the experimental results can provide more information about the nature of this new resonance.
The paper is organized as follows. In section II, we will briefly discuss the effective Lagrangian approach for the couplings of Λ c (2286) → pD 0 and Λ c (2940) → pD * 0 . Then we introduce the relevant theory elements to describe the transition pp → Λ c (2940)Λ c (2286) → pD 0Λ c (2286). Section III is devoted to the numerical results for the differential and total cross section of pp → Λ c (2940)Λ c (2286) → pD 0Λ c (2286). In the calculation we take initial state interaction as well as the D and D * meson exchange t channel contributions into account. Moreover, the differential cross sections with three-body final states are given and a short summary will also be presented.
II. APPROACH
First we adopt the convention that the spin and parity quantum numbers of the Λ c (2940) are
+ . This assignment is for example favored through our analysis of the strong decays of the Λ c (2940). We consider this state as a bound state dominated by a contribution of the molecular pD * 0 component
We describe the processes pp → Λ c (2286)Λ c (2286) →→ pD 0Λ c (2286) and pp → Λ c (2940)Λ c (2286) → pD 0Λ c (2286) by t-channel diagrams generated by the exchange of D and D * mesons (see Fig. 1 ). The evaluation of the Feynman diagrams is based on several elements for the effective interaction of the involved hadrons. The couplings g BpD , g BpD * , defining the BpD and BpD * interactions (where B = Λ c (2286), Λ c (2940)), enter to the phenomenological interaction Lagrangians
and have been determined in Ref. [15] . In particular, from SU (4) invariant Lagrangians [15, 18] we deduce the couplings
given in terms of the pion-nucleon g πN N = 13.4 and the vector rho-nucleon g ρN N = 6 coupling constants. The couplings g Λc(2940)pD and g Λc(2940)pD * have been evaluated in the hadronic molecular approach [15, 16] for the Λ c (2940) baryon state [15] using the compositeness condition [19] - [21] with:
where
encoding the off-shellness of D(D * ) mesons, where Λ M = 3 GeV is the cutoff parameter and t stands for the exchanged momentum squared [22] .
The intermediate Λ c (2286) and Λ c (2940) baryon resonances are described by a Breit-Wigner form contained in the propagators with a constant width Γ B in the imaginary part:
Following Ref. [23] we also take into account the initial state interaction (ISI) for the pp entrance channel. For the T matrix of the NN interaction we use the Lippmann-Schwinger equation
as illustrated in Fig. 2 . In above equation V NN ( q ′ , q ) is a phenomenological nucleon-antinucleon potential given by the sum of a pion-exchange V π NN ( q ′ , q ) and optical nucleon-antinucleon potential
T V + + V V
FIG. 2: Lippmann-Schwinger equation for the initial state interaction of the NN system
The π-exchange potential is given by [22, 23 ]
with M N and M π being the masses of nucleon and pion, respectively. The potential contains the tensor operator
) is a phenomenological monopole form factor
where Λ π = 1.3 GeV is the cutoff parameter. The optical potential for the NN scattering state is given by [22, 23] 
where the parameters were fixed as u 0 = −0.0480 GeV, w 0 = 0.5319 GeV and r 0 = 0.56 fm. For the calculation of the process in Fig. 1 we assume that the ISI can be factorized out by the dimensionless factor
We use the center-of-momentum (c.m.) frame, where the momenta of incoming (p 1 , p 2 = P − p 1 ) and outgoing (p 
and s = (E p1 + E p2 ) 2 is the total energy squared.
III. NUMERICAL RESULTS AND DISCUSSION
The differential cross section for the process pp → pD 0Λ c is obtained through the expression
where p * 1 and Ω * 1 are three-momentum and solid angle of the outgoing proton in the center-of-mass frame of the final pD system; p 3 and θ 3 are the three-momentum and scattering angle of the finalΛ c (2286) state. In above equation M pD is the invariant mass of the final pD two-body system. The transition amplitude for pp → pD process. When we take the Λ c (2940) resonance into account, the D * contribution is suppressed when compared to the D * contribution to the Λ c (2286) resonance. This is the case since we consider the Λ c (2940) as a molecular pD * 0 state with spin-parity of 1/2 + and the hadronic loop integral leads to the suppression. It should be mentioned that the effective Lagrangians for Λ c (2940) are similar in form to the ones of Λ c [see Eqs. (2) and (3)].
In Fig. 8 we give the total cross section for the process pp → pD 0Λ c including the result of the background process. The background contribution of Fig. 1(a) dominates while the Λ c (2940) is clearly present. The total cross section for the process of pp → pD 0Λ c is predicted to be in the range just below 10µb. It could therefore be accessible in measurements atP ANDA with high luminosity.
To summarize, we have estimated the differential and total cross sections of pp → pD 0Λ c in an energy range relevant forP ANDA. In our calculations we include initial state interaction as well as the D and D * exchange dynamics. The inclusion of ISI leads to a suppression, D-exchange dominates the transition dynamics. We include the resonance Λ c (2940) which is treated as a 1 2 + molecular pD * 0 state. In our analysis we work out and discuss the role of the Λ c (2940) in comparison to the background effect including the Λ c (2286). We hope and expect that future experiments atP ANDA will provide a test to our model calculations. 
